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ABSTRACT 

We present ultradeep radio observations with the Expanded Very Large Array of 4U 1957+11, a 
Galactic black hole candidate X-ray binary known to exist in a persistent soft X-ray state. We derive 
a stringent upper limit of 11.4 /iJy beam -1 (3a) at 5-7 GHz, which provides the most rigorous upper 
limit to date on the presence of jets in a soft state black hole X-ray binary. X-ray, UV and optical fluxes 
obtained within a few weeks of the radio data can be explained by thermal emission from the disk. 
At this X-ray luminosity, a hard state black hole X-ray binary that follows the established empirical 
radio-X-ray correlation would be at least 330-810 times brighter at radio frequencies, depending on 
the distance to 4U 1957+11. This jet quenching of > 2.5 orders of magnitude is greater than some 
models predict, and implies the jets are prevented from being launched altogether in the soft state. 
4U 1957+11 is also more than one order of magnitude fainter than the faintest of the 'radio-quiet' 
population of hard state black holes. In addition, we show that on average, soft state stellar-mass 
BHs probably have fainter jets than most active galactic nuclei in a state equivalent to the soft state. 
These results have implications for the conditions required for powerful, relativistic jets to form, and 
provide a new empirical constraint for time- and accretion mode-dependent jet models, furthering our 
understanding of jet production and accretion onto BHs. 

Subject headings: accretion, accretion disks — black hole physics — radio continuum: stars — stars: 
individual (4U 1957+11) — X-rays: binaries 



1. INTRODUCTION 

It is now realized that a common consequence of the ac- 
cretion of matter onto a compact object is the formation 
of fast, powerful jets. For accreting black holes (BHs) 
the jets can be relativistic, focusing a large fraction of 
the accret i on energy into the collimated outflows (e.g . 
iReesI 119841 : IMiller- Jones et al.l 120061 : IRussell et all 120071 ) 
but only in some accretion states. Specifically, a 'uni- 
fied model' has been proposed for black hole candidate 
X-ray binaries (BHXBs; stellar-mass BHs accreting from 
a companion star) linking the jet properties to the be- 
havior of the inflow. The model is based on X-ray lumi- 
nosity / spectral hysteresis that is seen during BHXB out- 
bursts ([Miyamoto et al.| [l995: Mac carone fc Coppil l2003) 
and can explain the interplay between the radio jet (out- 
flow) properties and X-ray (radiation usually from the 
inflow) properties of BHXBs based on compilat ions of 
data from many sources (e.g. Fe nder et all 12009ft . Dif- 
ferent X-ray states in BHXBs, and correlated radio jet 
behavior are likely to be analogous to different classes 
of active galactic nucl e i (AGN; e.g. iPounds et al.l 119951 : 
Macc arone et al. 2003; Fender 2009|). Recent work (e.g . 
Corbel et al. 2000; Gallo et al. 2003; Falcke et al. 2004; 



1 Astronomical Institute 'Anton Pannekoek', University 
of Amsterdam, P.O. Box 94249, 1090 GE Amsterdam, the 
Netherlands; d.m.russell, y.j.yang@uva.nl 

2 International Center for Radio Astronomy Research - 
Curtin University, GPO Box U1987, Perth, WA 6845, Australia; 
j ames . miller-j ones@curt in . edu . au 

3 School of Physics and Astronomy, University 
of Southampton, Southampton S017 1BJ, UK; 
t.j. maccarone, r.fender@soton.ac.uk 

4 Faulkes Telescope Project, University of Glamorgan, Pon- 
typridd CF37 1DL, UK; fraser.lewis@faulkes-telescope.com 

° Department of Physics and Astronomy, The Open Univer- 
sity, Walton Hall, Milton Keynes, MK7 6AA, UK 



iGiiltekin et al.ll2009f ) has provided good observational ev- 
idence that empirical correlations can be found to ex- 
plain jet production in black holes across a large range 
of masses, indicating a common jet production process. 
As such, results from disk-jet coupling studies of BHXBs 
can be inferred to apply also to AGN. 

One of the major (and first) couplings observed was 
a suppression of the radio emission from the jet when 
BHX Bs are in the soft state (e.g. iTananbaum et ail 
1972) compared to the hard state. This has now been 
confirmed; the jet is dramatical l y suppressed in th e 
soft state (e.g. iGallo et al.l 120031 : iFender et all [2009). 
The most prominent magne tohydrodynamical (MHD) 
jet launching mechanism s ([Blandfor d fc Znajekl 119771 : 
Blandfor dfc Pavndfl982h rely on having a large poloidal 
magnetic field in the inner accretion flow. It remains 
unce rtain how jets are produced, but both analytical 
(e.g. iLivio et all 119991 : iMeierl 120011 ) and numerical (e.g. 
iBeckwith et al.l l2008f ) works favor a strong jet only in 
the case where the accretion flow has a large scale height 
magnetic field. In the soft state, a geometricall y thin 
disk e xists (jShakura fc Sunvaevll973|). which may (IMeierl 
l2QQlh or may not (e.g. iBanerjee fc Pudritzl 12006) sup- 
press any large scal e vertical field . However, in some an- 
alytical works (e.g. lFerreiralll997|). supported by the re- 
sults of simulations (e.g. ICasse fc Keppensl 120021 ). a thin 
disk is preferred for the production of powerful jets be- 
cause the radial magnetic tension overcomes the rotation 
at the disk surface when the disk becomes too thick. As 
well as soft states, these thin disks may be present in 
hard states too, and some simulations can reproduce the 
observed ac cretion-ejection beh aviour of BHXBs in hard 
states (e.g. iPetrucci et aTll2010f ). It has been suggested 
for example, that the vertical field may be quenched by 



2 



Russell et al. 



TABLE 1 
Log of observations. 



Date 


MJD 


Telescope 


Instrument 


Exposure times/sec (bandpass) 


2010-11-04 


55504.98 


EVLA 


C-band 


1614 (4.868-7.312 GHz) 


2010-11-16 


55516.22 


Swift 


XRT 


1699 (0.3-10 keV) 








UVOT 


140 (v, b, u), 279 (uvwl), 385 (uvm2), 559 (uvw2) 


2010-11-19 


55519.03 


Swift 


XRT 


1610 (0.3-10 keV) 








UVOT 


135 (v, b, u), 269 (uvwl), 344 (uvm2), 539 (uvw2) 


2010-11-22 


55522.91 


Swift 


XRT 


1649 (0.3-10 keV) 








UVOT 


135 (v, b, u), 269 (uvwl), 380 (uvm2), 539 (uvw2) 


2010-11-23 


55523.22 


FTN 


EM01 


219 (B), 160 (V), 221 (R), 200 (i') 


2010-11-25 


55525.58 


Swift 


XRT 


1624 (0.3-10 keV) 








UVOT 


135 (v, b, u), 269 (uvwl), 354 (uvm2), 539 (uvw2) 


2010-12-09 


55539.94 


EVLA 


C-band 


7272 (4.868-7.312 GHz) 



a changing ratio between th e magnetic pressure and the 
gas and radiation pressure ([Petrucci et al.ll2008[ ). How- 
ever, the question remains unanswered whether a faint 
jet is produced in the soft state of BHXBs. 

This picture can be tested with a deep radio obser- 
vation of a BHXB in the soft state. So far such stud- 
ies have proved inconclusive. Radio emission is usu- 
ally not detected during the soft state, but any detec- 
tions could originate in discrete jet ejections launched at 
previous epochs before the soft state ('relic' jets, which 
are optically thin and in many cases are directly re- 
solve d), or from jet -ISM interactions downstream in the 
flow (Fen der et al.ll2009l ). One potential exception could 
be recent evidence for a compact jet on VLBI-scales in 
Cygnus X-l (which in thi s case is inconsistent with opti- 
cally thin residual ejecta; Rus hton et al.ll201lt ) in a state 
which could either be soft or soft-intermediate. The 
question of whether jets are launched in the soft state 
remains unanswered to date, but if answered, the com- 
munity can finally define what local physical conditions 
close to the BH are required to launch relativistic jets. Is 
a radiatively inefficient accretion flow or a geometrically 
thick accretion flow, with a scale height similar to the 
inner radius, required? 

4U 1957+H i s an X -ray binary discovered in the 1970s 
(jGiacconi et al.l [T974) and has been persistently active 
for at least the last 30 years. The source almost cer- 
tainly harbors a black hole primary as shown from its X- 
ray temporal and spectral charact eristics, and may con- 
tain a rapidly spin ning black hole (Wii nands et al.l [20021 : 
iNowak et al.ll2008l see discussion in Section [4]). There are 
very few known persistent low-mas s X-ray binaries host- 
ing a BH (e.g. INowak et al.ll2008f ). In addition, unlike 
any other Galactic BHXB, 4U 1957+11 also peculiarly 
remains persistently in the soft state; although it does 
fluctuate in hardness and intensi ty it never reaches th e 
canonical hard state of BHs (e.g. Wiinands et al. 2002). 
Only one other BHXB is always observed in a soft state, 
LMC X-l, a HMXB which is very distant (> 50 kpc, in 
the Large Magellanic Cloud) and therefore much fainter 
than 4U 1957+11. Since 4U 1957+11 has not been seen 
to make a transition to or from the hard state, it will 
not have launched discrete jet ejections recently, so any 
radio emission detected from 4U 1957+11 will be from 
the core, compact, soft state radio jet. The only reported 
radio upper limit for 4U 1957 +11 to date is an uncon - 
straining < 2.1 mJy at 5 GHz (|Nelson fc Spencerlfl988l ). 

Here we present new, ultradeep radio observations of 
4U 1957+11 with the Expanded Very Large Array, taken 



to test this jet quenching paradigm. We make use of the 
new wide bandwidth capabilities of the instrument to 
reach > 2 orders of magnitude deeper than the deepest 
existing observation. Multiwavelength (X-ray, UV and 
optical) data are used to confirm the source is in the soft 
state during this epoch and we present the broadband 
spectral energy distribution (SED). We compare our re- 
sults to detections of jets in the soft state of neutron stars 
(NSs) and AGN. 

2. OBSERVATIONS 
2.1. EVLA 

We made deep observations of 4U 1957+11 using the 
wide bandwidth capa bility of the new Expanded Very 
Large Array (EVLA; iPerlev et al1l2Qlll ). One hour of 
test observations were taken on 2010-11-04, followed by 
a deeper 3-h observation on 2010-12-09 with the same ob- 
servational setup. A log of all observations is presented 
in Table 1. These gave on-source times of 26.9 min and 
121.2 min, respectively. We used the wideband 4-8 GHz 
receiver system, centering the two 1024-MHz basebands 
at frequencies of 5.38 and 6.80 GHz, to provide the most 
contiguous frequency coverage possible while avoiding 
the radio frequency interference (RFI) known to exist be- 
tween 5.93 and 6.27 GHz. Each 1024-MHz baseband was 
comprised of eight 128-MHz sub-bands, each of which 
contained 64 spectral channels of width 2 MHz. The ar- 
ray was in the relatively compact 'C configuration, with 
a maximum baseline of 3.4 km. The data were taken with 
an integration time of 5 s. 

Data reduction was carried out using th e Common As- 
trono my Software Application (CASA; McM uTIin et al.l 
12007! ). Bad data arising from shadowing, instrumental 
issues or RFI were edited out before beginning the cali- 
bration. Notable RFI signals were present at 6.616 and 
6.774 GHz, and the data were Hanning smoothed before 
further processing to minimize the effects of this interfer- 
ence on surrounding frequency channels. Bandpass and 
flux density calibration were carried out using 3C286, 
setting the flux scale according to the coefficients de- 
rived at the EVLA by NRAO staff in 2010. Amplitude 
and phase gains were derived for both 3C 286 and the 
phase calibrator source J1950+0807, located 4.3° from 
4U 1957+11. Finally, the calibration was applied to the 
target source. Following frequency- averaging by a fac- 
tor of 8, the two data sets were concatenated, provid- 
ing a total of 136 min of on-source integration time after 
editing out the start of each scan. The data were then 
subjected to several rounds of imaging and phase-only 
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19 h 59 m 39 s 33 s 30 s 27 s 24 s 21 s 18 s 15 s 
J2000 Right Ascension 



Fig. 1. — Stacked EVLA 6.09 GHz image of the field containing 
4U 1957+11. Contour levels are at ±(2) n times the 5a level of 
0.0189 mJy beam -1 , where n = 0, 1, 2, ... The best optical position 
of 4U 1957+11 is marked with a cross. While there are a number 
of background sources in the field, there is no radio emission at the 
position of the X-ray binary. 

self-calibration, using natural weighting during the imag- 
ing process for maximum sensitivity. To allow for the 
frequency-dependent primary beam size and the vary- 
ing spectral indices of the sources in the field, deconvo- 
lution was carried out using the impl ementation of the 
mufti- frequency synthesis algorithm of lSault fc Wieringal 
([1991 within CASA. 

No radio source was detected at the best-known opti- 
cal position of 4U 1957+11 derived from DSS images (us- 
ing a combination of USNO-B1, GSC 2.3 and 2MASS), 
19 h 59 m 24*0, +ll°42 / 29"8 (J 2000). The 3a upper limit 
on the radio flux density was 11.4 /iJy beam -1 . The best 
radio image of the field containing 4U 1957+11 is shown 
in Fig. [[J 

2.2. Swift 

Swift pointed observations were made on four dates 
in 2010 November, in between the two radio observa- 
tions (Table 1). Swift XRT observations were carried 
out in Windowed Timing (WT) mode. We extracted 
light curves and spectra using the Swift-XR T data prod- 
ucts g enerator, following the procedures in IE vans et al.l 
(2009). With each observation having approximately 
30000 counts, we grouped each of the source spectra with 
150 counts per spectral bin. The spectral analysis was 
performed using the standard HEAsoft X-ray spectral 
fitting package XSPEC version 12.6.0. All spectra were 
fitted in the 0.3-10 keV band, with 1-10 keV fluxes com- 
puted from the fits. We found that all spectra are well 
described by a disk blackbody model with absorption. 
The fitted column densities are slightly lower than or 
about the Galactic value, and the inner disk tempera- 
tures vary between 1.3 and 1.5 keV. The mean flux from 
the four observations is 8.8 x 10 -10 erg s -1 cm -2 (1-10 
keV), this varies by < 14% between dates. While the fits 
are not formally good, and hence strong claims should 
not be inferred from spectral fitting, the strong residuals 
preventing convergence to x 2 jv = 1 are at energies with 
known response matrix features (oxygen, gold, and sili- 



TABLE 2 

UVOT optical/UV magnitudes of 4U 1957+11. 



Filter 




Date in 2010 November 






16 


19 


22 


25 


V 


18.79(26) 


18.38(20) 


18.71(26) 


18.90(31) 


b 


18.81(15) 


18.60(13) 


19.01(17) 


19.26(21) 


u 


17.50(10) 


17.67(11) 


18.00(13) 


17.81(12) 


uvwl 


17.49(11) 


17.52(12) 


17.76(13) 


17.88(14) 


uvm2 


17.66(12) 


17.77(13) 


17.82(13) 


18.31(17) 


uvw2 


17.75(9) 


17.74(10) 


17.83(10) 


18.10(11) 



con edges), and adding systematic errors of 5-10% to the 
data results in good fits. We can reliably infer that there 
are no strong nonthermal components in the spectrum. 

Swift UltraViolet/Optical Telescope (UVOT) data 
were taken in all six available optical/UV filters. For each 
filter on each date, the individual images were summed 
using uvotimsum and photometry of the source was per- 
formed with uvotsource, using an extraction region of 
radius 3.5" for v, b and u filters and 6.0" for uvwl, uvm2 
and uvw2 due to a larger point spread function in the 
latter three UV images. The differences between using 
3.5" and 6.0" are 0.01 mag in uvwl, 0.11 mag in uvvrtl 
and 0.05 mag in uvw2. 4U 1957+11 was detected (at 
the > 4<j level) in all six filters on all four dates. Ap- 
par ent magnitude s (not de-reddened) are given in Table 
2. iMargon et all (|1978f ) estimated A v = 0.93 for the 
interstellar extinction, but the neutral hydrogen column 
through the whole Gal axy in the direction o f 4U 1957+11 
is 1.17 x 10 21 cm" 2 ( Kalberl aet al.l 120051 ) which corre- 
sponds (jPredehl fc Schmittlll995l ) to Av « 0.65. We take 
the range from these two esti mates, Ay = 0.79 db 0.14 
and use the extinction curve of ICardelli efall (1989) ap- 
plied to the central wavelengths of each UVOT filter 
(jKataoka et al.ll2008h to derive the intrinsic, de-reddened 
flux densities. 

2.3. Faulkes Telescope North 

Imaging of 4U 1957+11 was performed in four opti- 
cal filters (Bessell B, V, R and Sloan Digital Sky Sur- 
vey i f ) with the robotic, 2-m Faulkes Telescope North 
(FTN) at Haleakala on Maui, USA on 2010-11-23. The 
airmass of the target was 1.3-1.4 and the conditions were 
good, with a seeing of 1.1" . The EM01 camera was used, 
with a field of view of 4.7 x 4.7 arcmin. Reduction, 
photometr y and flux ca libration were performed as de- 
scribed in Russe lTet al.l (2010; see above for details of 
the de-reddening procedure). To calibrate the Faulkes 
B-band data we measured the UVOT fo-ban d magnitudes 
of the two field stars used in Rus sell et al.l (|2010l ) usin g 
the same method as for 4U 1957+11 (see Section [272]) . 
We find B ~ b = 17.13 ± 0.08 for star 1 (at 19 /l 59 m 22 s .5 
+ll°42 / 20 // J2000) and B ~ b = 17.13±0.08 for star 2 (at 
19 /l 59 m 23 s .4 +ll°42 / 06 // J2000; the differences between 
Bessell B and UVOT b m agnitudes are less than these 
errors; see lPoole et al.ll2008l ). The UVOT v-band magni- 
tudes o f the two field stars a lso agree with the values de- 
rived in lRussell et al.l (|2010l ) to an accuracy of 0.05 ±0.08 
mag. For 4U 1957+11 we find B = 18.84 ± 0.12; 
V = 18.74 ± 0.11; R = 18.60 ± 0.11; i' = 18.71 ± 0.05 on 
2010-11-23. 

3. RESULTS AND ANALYSIS 
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Fig. 2. — Radio - X-ray luminosity diag ram of har d state BHXBs 
(an updated compilation, from Fender et al. 2010; Calvelo et al. 
[20101 ) with our 4U 1957+11 soft state data. 

3.1. The soft state jet quenching factor 

The EVLA observations have provided an ultradeep 
upper limit to the radio flux of 4U 1957+11. The 
Swift XRT spectral and variability properties confirm 
the source was still in the soft state during this epoch, 
as expected (see Section 2.2). We can therefore esti- 
mate the soft state radio jet quenching factor by plot- 
ting our data on the well known radio-X-ray luminosity 
diagram of hard s t ate BHXBs (Fig. 2; data are from 
iFender et all 120101 ; ICaTvelo et all 120101 ) . Given the un- 
certa i nty in its distance (7 < d/kpc < 22; iMargon et al.1 
[19781 : INowak et al1l2008h . 4U 1957+11 is at least 330- 
810 times fainter than the BHXBs that foll ow the estab- 
lished hard state radio -X-ray correlation ([Corbel et al.l 
[2000 : IGallo et al.l [20031 ) at the same (1-10 keV) X-ray 
luminosity. In addition, the faintest of th e 'radio-quiet' 
popu lation of hard state BHXBs (see e.g. | Calvelo et al.l 
I2010D is H1743-322, which is > 14 times more luminous 
than 4U 1957+11. 

3.2. The broadband SED 

In Fig. 3 we present the first broadband, radio-X- 
ray SED of 4U 1957+11. The whole SED can be ex- 
plained by thermal emission from the accretion disk. The 
X-ray spectrum is soft, with 1.3-1.5 keV for the inner 
disk blackbody temperature, and the optical/UV SED is 
blue, with a spectral index of a = +0.50 ±0.31 (where 
F v oc v a ) between 1928 A (uvw2) and 7545 A (i') taking 
into account the uncertainty in the extinction. This is 
typical for a bright BHXB in which the (possibly irradi- 
ated) outer disk dominates these wavebands. The radio- 
to-optical spectral index is a > +0.24, and no red excess 
is seen in the optical/UV SED, confirming a negligible 
synchrotron jet contribution also at these higher frequen- 
cies. The optical V,R,i' magnitudes during this epoch are 
slightly brighter than (but well within the range of) the 
mean magnitude mea sured from long-te rm optical moni- 
toring in 2006-2009 ([Russell et al.l2Q10f ). Both the X-ray 
and optical properties during this epoch are typical for 
the source, confirming that 4U 1957+11 remained in the 
soft state. 

4. DISCUSSION 



We have shown that the radio flux of 4U 1957+11 in 
the soft state is suppressed by a factor > 330 compared to 
the hard state radio-X-ray correlation of BHXBs. Dy- 
namical mass estimates of 4U 1957+11 have not been 
attempted because it has never faded to quiescence, so 
is 4U 1957+11 definitely a BHXB? As well as an X-ray 
spectrum typical for a soft state BHXB, 4U 1957+11 dis- 
plays X-ray timing properties similar to other BHXBs 
in the soft state, and the relation between hardness 
and luminosity would be unusual for a ne utron star 
XB ([Wiinands et aLll2QQ2t INowak et aLll2QQ8h . Its over- 
all X-ray behaviour is similar to the persistent source 
LMC X-3, which con tains a > 5.8 M black hole (see 
Wiinand s et al.l 12002. and references therein). The X- 
ray spectral properties could only be like those of a NS 
if the source is accreting at close to the Eddington lumi- 
nosity (but if this were the case the level of variability 
is too low for this class of NS), i.e. at a very large dis- 
tance ([Wiinands et al.ll2002l ) . It was also shown from the 
optical-X-ray ratio that the system is only likely to har- 
bor a neutron star if the distance is small ([Russell et al.l 
[20T0h . so at any distance a neutron star accretor is not 
favored. Thus 4U 1957+11 is far more likely to be a 
black hole than a neutron star. 

Soft state radio detections from transient BHXBs are 
typically much brighter than our u ltradeep upper limits 
for 4U 1957+11 ([Fender et al.ll2009f ). but very likely orig- 
inate in discrete eject a launched previously over the tran- 
sition to the soft state (at the 'jet line'; see lFender et al.l 
2009). Being persistently in the soft state, the radio emis- 
sion of 4U 1957+1 1 is not confused by discrete ejecta. 
iCoriat et al.l ()2011[ ) report some deep radio upper lim- 
its for the BHXB HI 743-322 during a soft state, one of 
which, < 30/iJy, is ~ 700 times fainter than its radio lu- 
minosity at the same X-ray luminosity in the hard state. 
Clearly, a jet model is required that satisfies the condi- 
tion of a soft state jet quenching factor of almost three 
orders of magnitude. 

It has been argued that the geometrically thin disks 
in soft state BHXBs may have much weaker vertical 
fields than hard state disks, an d a jet quenching factor 
of - 100-200 was estimated bv iMeierl (2001; this value 
has a dependence on the disk viscosity parameter and 
the BH spin). Alternatively, the jet power may not de- 
pend strongly on the disk thickness. A large scale height 
magnetic field may persist and thread the disk in the soft 
state, but a change in disk magnetization could prevent 
a ste ady-state jet from being launched ([Petrucci et al.l 
l2008h . 

While our results imply dramatic jet suppression in 
the soft state of BHXBs, this is not usually the case 
for accreting NSs. The stringent upper limit therefore 
also favors a BH primary in 4U 1957+11. Radio emis- 
sion in soft state NSs, when detections are made, are 
generally fainter than expected from their radio-X-ray 
luminosity correlations as measured in hard states, and 
are sometimes consistent with being c ompact, steady jets 
like t hose of hard state BHXBs (e.g. Mill er- Jones et ail 
I2010L and references therein). The boundary layer on 
the NS surface may provide a differentially rotating re- 
gion from which jets ca n be launched for soft s tate NSs, 
but not soft state BHs ([Livid 1 19991 : lMaccarondl2008[ ). 

Radio emission has been detected from AGN in a 
state analogous to the soft state of BHXBs. These 
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Fig. 3. — Unabsorbed, broadband radio to X-ray SED of 
4U 1957+11. EVLA (5-7 GHz), FTN (i\ R, V, B-bands) opti- 
cal, Swift UVOT (v, b, u, uwl, um2, uw2) optical/UV and Swift 
XRT (0.3-10 keV model fit from the first epoch) X-ray data are 
plotted. 

are AGN with evidence for thin disks (mostly Seyferts), 
and are identified by their power spectra or sometimes 
their spectral energy distrib utions. Some of the least 
luminous Sevfert radio cores ([Giroletti Pane ssa 2009; 
Uones et al.l 120111 ) have radio luminosities ~ 10-100 
times fainter than the fundamental plane relation of 



iGiiltekin et al.l (|2009f ). This suggests jet production does 
not turn off entirely for soft state AGN, and in fact jet 
quenching fac tors in different AGN may cover a range y 
10-1000 (e.g. iMaccarone et al.ll200l iSikora et al.ll2007D . 
Deeper radio observations of soft state BHXBs are re- 
quired to test whether stellar-mass BHs also have such a 
large range of jet quenching factors. Ideal candidates 
would be nearby BHXBs such as A0620-00 or XTE 
Jl 118+480; deep, high resolution radio observations of 
the core during a soft state would probe jet quenching 
factors of > 10 3 . The two wit h deep upper limit s so far, 
4U 1957+11 and H1743-322 (jCoriat et al.ll20TIh . imply 
soft state BHXBs may be more radio faint, on average, 
than soft state AGN, which hints toward a fundamental 
difference in the jet launching process in BHs of different 
masses surrounded by geometrically thin disks. 
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